Supplementary Information
Cleavage products were separated on 20% denaturing PAGE and analyzed by Typhoon FLA 7000 IP (GE Healthcare). Every cleavage experiment was conducted at least three times for statistical analysis.
Statistical analysis
Results were expressed as Mean±SD. Comparison between groups was made using two-way ANOVA. All calculations were made using the GraphPad Prism software (GraphPad software, Inc.).
Dephosphorylation reaction
After cleavage reaction, the products were ethanol precipitated, then were dephosphorylated in two ways.
The cleavage product was incubated in 50 mM Tris-HCl (pH 7.8), 40 mM NaCl, 10 mM MgCl2 and 10 U polynucleotide kinase (PNK, Thermo Fisher Scientific Inc.) for 3 h at 37 °C for DNA 3'-dephosphorylation.
For 5'-dephosphorylation, the cleavage product was incubated in FastDigest buffer with 10 U FastAP alkaline phosphatase (Thermo Fisher Scientific Inc.) for 3 h at 37 °C.
Cleavage reaction in N2 or O2
The reaction mixture was prepared following the procedure described in the "cleavage reaction assay" part in microcentrifuge tube. In order to keep the cleavage reaction under an absolute N2 or O2 atmosphere, the microcentrifuge tube was put into a glass test tube which was filled N2 or O2 by a balloon after having been vacuumized. Finally, the test tube was irradiated with household light.
Kinetic analyses
Time courses for cleavage reaction were conducted using over 9 time points for each. The experimental data was fit to Y= Ymax [ 1-e (-kobst) ] exponential equation using non-linear regression analysis in GraphPad Prism (GraphPad software, Inc.), from which the observed rate constant (kobs) and maximum cleavage yield (Ymax) were determined.
Preparation of hMLH1 cDNA
Desolve ssDNA μl. After that, the samples were purified with gel extraction kit (Axygen Scientific Inc.).
Preparation of pcDNA3.1 vector
Adding the 10μl plasmid pcDNA™ 3.1/myc-His B (Invitrogen Corporation) into microcentrifuge tube with 10 U BamH I, 10 U EcoR I and 2.5 μl 10×CutSmart™ buffer, then addiing deionized water to 25 μl. After that, the samples were purified with gel extraction kit (Axygen Scientific Inc.), and the concentration was determined using ultraviolet spectrophotometer (Mapada Instrument co., LTD).
Preparation of recombination vector pcDNA3.1-hMLH1
Mix 1μl purified hMLH1 cDNA with 1 μl purified pcDNA3.1 vector and incubate at 16 °C for ligation overnight.
The ligation products were transformed into Trans10 Chemically Competent Cell (TransBionovo Co., Ltd.).
Recombinant clones were certified through sequencing and inoculated into liquid LB to cultivate overnight.
The recombinant plasmids (named pcDNA3.1-hMLH1) were extracted using Plasmid Maxiprep Kit (Axygen Scientific Inc.).
Cell culture and Transfection
The human colorectal adenocarcinoma cell line HCT116 was grown in high glucose DMEM, supplemented with 10% FBS, penicillin (100 U/ml) and streptomycin (100 mg/ml). All cell lines were cultured at 37 °C and 5% CO2. Cells were cultured in DMEM without FBS for 2 h before transfection. Then cells were transfected with pcDNA3.1-hMLH1 or normal plasmids pcDNA3.1 using Trans-EZ agent (Sunbio Medical Biotechnology) in Opti-MEM (Thermo Fisher Scientific Inc.). After 6 h of transfection, the medium was changed to DMEM with 10% FBS. After 24 h, cells were employed in irradiation experiment. Every experimental group was constituted at least three control samples for statistical analysis.
Western blotting
Cells were lysed with RIPA buffer supplemented with a protease inhibitor cocktail (Sigma-Aldrich Co. LLC.).
The protein concentration was determined using a BCA protein assay kit (Bestbio.). Aliquots of total cell lysates (40 μg protein) were mixed with loading buffer, boiled for 5 min, and subjected to 10% SDS-PAGE.
Proteins were blotted onto nitrocellulose membranes. The membranes were blocked with 5% bovine serum albumin and then incubated at 4 °C overnight with anti-hMLH1 antibody (Proteintech Group, Inc.).
Next, the membranes were incubated with a horseradish peroxidase-conjugated secondary antibody (Zen Bioscience Co., Ltd.) and developed using an enhanced chemiluminescence detection system (Amersham Biosciences Corp.). The intensity of each signal was determined by a computer imaging analysis system (Quantity One, Bio-Rad Laboratories, Inc.).
Irradiation of cell lines
The riboflavin was incorporated into the cell cultures, and incubated for 12 h. The mixtures were irradiated for 6 h in the culture plates, under visible light, using a 10 W rechargeable light. For the cell viability assays, 100 μl suspensions of 20×10 4 cells ml -1 were seeded in 96-well tissue culture plate, and riboflavin were added when appropriate. The effect was observed after 3 h of irradiation.
Cell viability assay
The alarmaBlue colorimetric assay was used. 100 μl of each cell sample was mixed with 10 μl of alamarBlue solution, incubated at 37 °C for 3 h. Then samples were analyzed by a multi-well spectrophotometer plate reader (Thermo Viarioskan Flash, Thermo Fisher Scientific Inc.) at 545 nm with reference at 590 nm.
SPR assay
The two strands of each duplex (D-t/D-a, D-t/D-g) were mixed equally to form duplex and purified by native-PAGE. Then, the duplex sample were immobilized in their respective flow cells of the sensor chip (CM5, GE Healthcare). After immobilization, serial concentrations of riboflavin samples were injected into these flow cells. SPR assay was perform by Biacore T200 (CM5, GE Healthcare). Equilibrium binding curve was generated from concentration-dependent binding response data for each sample to determine the corresponding Kd value.
Fluorescence titration
Emission spectra were measured on Varioskan flash (Thermo Fisher Scientific Inc.). Experiments were performed using a UV 96-well plate, 100 μl riboflavin (100 μM) was added. The dsDNA was added 1 μl to riboflavin solution gradually. The fluorescence measurement was obtained at an excitation wavelength of 448 nm and reference at 468-700 nm.
Molecular dynamics (MD) simulations
The antechamber tool in the Amber 14 package was used to generate the force field parameters for riboflavin, with its atomic charges obtained from HF/6-31G* calculation (using Gaussian 09, after geometry optimization at the same level) and restrained electrostatic potential (RESP) fitting. The recent parmBSC1 modification of the Amber-ff14SB force field was used for DNA, and water molecules were treated using the TIP3P model. The initial complexes of DNA and riboflavin were generated manually using PyMOL.
Before adding explicit solvent molecules, each complex was energy-minimized with Generalized-Born (GB) implicit solvent model (igb=5). Then, sodium ions were added to neutralize the system, and water molecules were added to form a truncated octahedron simulation box with 9.0 Å minimum distance
between solute and box edge. Electrostatic interactions were treated using the particle-mesh Ewald (PME) method with a real space cutoff of 9.0 Å. The same cutoff was also used for van der Waals interactions.
After energy minimization, MD simulation at 300 K (Langevin thermostat with collision frequency of 2.0 ps -1 ) and 1 atm was carried out for each initial structure. Hydrogen mass repartitioning (HMR) was used, allowing a time step of 4 fs.
8 / 30 In order to ensure sufficient riboflavin to bind dsDNA with different concentrations, all experiments were carried out in presence excessive amounts of riboflavin (200 µM). Compare to the duplex with "CTC", the cleavage efficiency of the duplex containing "CTY" sequence decreased sharply. The nucleotides right to T of G-T mismatch were more influential to cleavage efficiency. Only G-A and G-T in these duplexes could induce cleavage, and the efficiency obtaining from G-A was much lower than which from G-T. We have verified that the photo-induced cleavage of G-T containing dsDNA in presence of riboflavin goes through a mechanism involving the formation of singlet oxygen. The singlet oxygen can not only cause the excision of nucleotide in dsDNA, but also lead destruction of riboflavin. The excited riboflavin reacted with oxygen under photo-irradiation, producing singlet oxygen that could directly react with riboflavin molecular, finally leading destruction of riboflavin(1-4). In other words, the degradation level of riboflavin could reflect the efficiency of singlet oxygen generation. In phosphate buffer, both H2PO4 -and HPO4 2-species have been verified to catalyze the photodegradation of riboflavin efficiently to produce LC or CDRF derivatives (5-9).
Oligonucleotides used in the experiment

Sequence characterization of duplex D-t/D-g
The influence of reaction buffer.
Therefore, fluorescence intensity of riboflavin in different buffers were measured, which was relative to degradation of riboflavin. As shown in Figure S3 .2, the fluorescence intensity of riboflavin decreased in both Tris-HCl and PB buffer, proving the formation of singlet oxygen in those buffers. This result is consistent that the cleavage only observed in Tris-HCl and PB buffer ( Figure S3.1) . On the other hand, no degradation was observed in both HEPES and MOPS buffer, suggesting that the excited riboflavin cannot react with oxygen efficiently or the singlet oxygen could be quenched quickly in those buffer, causing no riboflavin-degradation or DNA cleavage. We selected the optimum pH value 7.5 for following assays, which was quite close to physiological pH. Na + and K + showed little effect on cleavage reaction. Mg 2+ showed inhibiting effect on cleavage reaction when concentration increased from 0 to 100 mM. 100 mM phosphate buffer, pH 7.5, 200 μM riboflavin, 37 °C. The cleavage yields (%) were plotted over time to make a curve which was fitted using GraphPad Prism 6.0. Photo on the left is corresponding denaturing PAGE images. Rate constants (kobs) and maximum cleavage yields (Ymax) are reported in the chart. "Clv": cleavage fragment.
Metal ions requirements for cleavage reaction.
Analysis of accurate cleavage site
The 5'-32 P-labeled left-hand cleavage fragment Lp released from 5' 32 P-labeled D-t located between 13th and 14th nucleotide on the denaturing PAGE, and the mobility ratio of the cleavage fragment was higher than the 14nt marker (Lane 3, Figure 2A) , Presumably, the Lp contained a phosphate group at the 3' terminal, migrating faster than the marker on the gel because of extra negative charge.
The isotope 32 P was labeled between the 14nt and 15nt of D-t which was applied to the cleavage reaction (Substrate a, Figure S6.1) . The isotope 32 P was retained in the left-hand cleavage fragment with the same migration with 14nt marker with 5'-32 P, revealing the possible generation of 3'-phosphate termini.
When the D-t containing 32 P between 15nt and 16nt nucleotide had been employed in the same condition (Substrate b, Figure S6.1) , the right-hand cleavage fragment Rp retained isotope 32 P with the same migration as the 5' P 32 -labled 11nt maker, implying the existence of a 5' terminal phosphate on Rp. To further verify our speculation, more experiments based on DNA modifying enzyme were proceeded. The isotope 32 P was labeled between the 14nt and 15nt of D-t (substrate a) which was applied to the cleavage reaction (Figure S6.2A) . The isotope 32 P was retained in the left-hand cleavage fragment, revealing the possible generation of 3'-phosphate terminal (Lane 2, Figure S6.2A, step 1) . In addition, cleavage reaction was treated with the T4 polynucleotide kinase (PNK), a 3'-phosphatase, and the cleavage fragment disappeared on PAGE as expected, suggesting the 32 P at 3' end was removed (Lane 3, Figure S6.2A, step 2) . Then, the dephosphated Lp ligated with 5' 32 P-labeled C-Rp in the presence of splint D-a by DNA ligase, the product recovered to D-t which located same as marker of D-t (Lane 4, Figure S6.2A, step 3) . Finally, the left-hand cleavage fragment Lp was in 14nt length containing 3'-phosphate termini.
Meanwhile, when the D-t (substrate b) containing 32 P between 15th and 16th nucleotide had been employed (Figure S6.2B) , the right-hand cleavage fragment Rp retained isotope 32 P with same migration as the 5'-P 32 -labled 11nt (Rp) marker (Lane 2, Figure S6 .2B, step 1). This reaction was treated with the alkaline phosphatase (fastAP) to remove the 5'-terminal phosphate, and Rp disappeared as the 5' P 32 had been removed (Lane 3, Figure S6 .2B, step 2). With a further confirmation, the ligation of recycled Rp and Lp-c in presence of splint D-a, yielding the intact substrate D-t (Lane 4, Figure S6.2B, step 3) .
In conclusion, the cytosine which was downstream of the thymidine of G•T mispair in duplex DNA was excised, obtaining two cleavage fragments with 3' and 5' phosphate termini respectively ( Figure S6.2C ), which agrees with the description of DNA single-strand break (Figure S6.2D) . Figure S8 .3, showing good linearity. The quenching constant (Kq) was deceased whith increasing temperature, and the Kq as larger than the maximum scattering collision quenching constant (2×10 10 M -1 ·s -1 ) (17) , indicating that the fluorescence quenching of riboflavin initiated by duplex DNA was static quenching (15, (18) (19) (20) . The Kq could be measured from the slope by ploting F0/F against [DNA] ( Figure S8.3) and Kq was presented in table S2. Figure S8 .4 and the value of these parameters were listed in table S2. From the definition of Gibbs free energy, it was described as equation 4 (eqn 4):
∆G=∆H-T∆S (eqn 4)
The related thermodynamic parameters were listed in table S2.
